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TITLE 

5 Peptide For Diagnosing and Immunizing A gainst T. cruzi Infection 

Technical Field of the Invention 

The present invention relates to a 15 mer peptide that is the epitope repeat 
sequence for a predominant antigen of T. cruzL The inventive peptide is useful for 
diagnosing T. cruzi infection and for use in a vaccine to immunize an individual to 
reduce T. cruzi infection and clinical manifestations of Chagas disease. 

15 

Background of the Invention 

Chagas disease is one of the most important endemic problems in Central and 
South America, for which no definitive chemotherapeutic or immunological treatment is 

20 available. Trypanosoma cruzi (T. cruzi) is the agent of Chagas disease. Infection with 
a protozoan parasite T. cruzi, the causitive agent of Chagas disease, occurs in an 
estimated 18 million persons throughout Latin America and is a major cause of chronic 
heart disease. Immune responses after T. cruzi infection are particularly complex due 
to the biochemical diversity of multiple parasite strains and influence of host-genetic 

25 factors. The result is a wide diversity in clinical manifestations of Chagas disease and, 
in some cases, the disruption of immune regulation leading to immunosuppression 
and/or development of autoimmunity. This parasite has a complex life cycle involving 
an epimastigote stage in the insect vector and two main stages in the mammalian host. 
One stage is present in blood (trypomastigote) and a second stage is intracellular 
30 (amastigote). 

The acute phase of T. cruzi infection is often asymptomatic. The infection may 
remain quiescent for decades. Some patients may, however, develop a progressive 
chronic form of the disease with cardiac and/or digestive tract alterations. After the 
acute phase with parasitemia, parasite growth is usually controlled by the host and 
35 patients or animals enter into a chronic phase where few parasites are present in the 
blood. 

Immune responses to protozoan infection are complex, involving both humoral 
and cell-mediated responses to an array of parasite antigens. Infection often involves 
multiple life cycle stages of these parasites, which adds to the diversity of antigens 
40 potentially important for the development of protective immunity. To examine the 
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molecular basis of the immune responses elicited during these infections, recent efforts 
have focused on evaluating responses to defined parasite B- and T-cell epitopes. 

T. cruzi infections are often subtle and long-lasting, making diagnosis crucial 
and problematic. Detecting antibodies against parasite antigens is a most common and 
5 reliable method of determining clinical and subclinical infections. Presently, serological 
tests use whole or lysed T. cruzi and require positive results on two of three tests, 
including complement fixation, indirect immunofluorescence, passive agglutination, or 
ELISA to accurately detect T. cruzi infection. The expense as well as difficulty in 
performing such tests reliably prevent the screening of blood or sera in many endemic 
10 areas. 

Blood bank screening is particularly important in South America, where 0. 1 - 
62% of samples may be infected and where the parasite is frequently transmitted by 
blood transfusion. It is also important and of increasing concern that the blood supply 
in certain U.S. cities is contaminated with T. cruzi parasites. 
15 Therefore, there is a need in the art for a greater understanding of responses to 

specific parasite antigens. Although several antigens of T. cruzi have been identified 
and characterized biochemically, limited data are available on the evaluation of human 
immune responses to these molecules. 

20 Summary of the Tnvpnfion 

The present invention relates to the cloning and expression of a T. cruzi antigen 
gene sequence encoding the immunodominant protein with an essential repetitive 
epitope. This gene sequence is conserved among diverse T. cruzi isolates. The 

25 inventive antigenic peptide domain of T. cruzi is predominantly expressed by 

trypomastigotes, the infective form of the parasite. Evaluation of human immune 
responses to this antigenic peptide domain of T. cruzi revealed easily detectable levels 
of antibodies in greater than 95 percent of 7. cruzi infected sera samples from several 
South American countries. 

30 The antigenic peptide domain of T. cruzi comprises the amino acid sequence Ala 

Glu Pro Lys X j Ala Glu Pro Lys X2 Ala Glu Pro Lys X3, wherein X is Pro or Ser 
and when X] is Ser, X3 is Ser, or when X] is Pro, X3 is Pro. The antigenic peptide 
can also comprise a linker sequence at either the N-terminus or the C-terminus of the 
antigenic peptide domain wherein the linker sequence facilitates attachment or 

35 conjugation of the antigenic peptide domain to various carrier molecules or solid 
support systems. 
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The present invention further comprises a method for diagnosing Chagas 
disease or T. cruzi infection by detecting antibodies specific to the inventive antigenic 
peptide domain. This method comprises contacting a sample of whole blood or an 
immunoglobulin-containing component of whole blood with the inventive antigenic 
5 peptide conjugated to a solid phase, washing unbound antibodies from the solid phase, 
adding the inventive antigenic peptide conjugated to a detectable moiety to form an 
antigenic peptide-antibody complex, and detecting the antigenic peptide-antibody 
complex. 

Further still, the present invention comprises a vaccine composition for 
10 immunizing an individual for preventing Chagas disease symptoms of T. cruzi infection 
upon exposure to T. cruzi. The vaccine composition comprises an immunologically 
effective amount of the inventive antigenic peptide and a vaccine adjuvant, such as 
Freund's adjuvant. 

15 Brief Description of the Drawings 



Figure 1 shows the DNA sequence and deduced amino acid sequence of a 636 
base pair TcD insert shown with residues blocked to indicate a 10-amino acid repetitive 
unit and the number of repeats. Boxed amino acids mark degeneracies in the repeat 
20 unit. 

Figures 2A and 2B show an ELISA evaluation of recombinant TcD and 
synthetic TcD peptide. Absorbance values are based upon a population of 127 
individuals with T. cruzi infection, 34 individuals with leishmaniasis, 10 with malaria, 
17 mycobacterial infections and 32 normal sera, against T. cruzi lysate (hatched bars) 
25 and recombinant antigenic peptide (double dash hatched bars). In Figure 2B the 

adsorbance values are for 127 T. cruzi infection sera, 9 acute Chagas disease sera, 15 
other infected sera, including leishmaniasis, 10 malaria, 16 mycobacterial infection and 
32 normal sera. All sera samples were evaluated with synthetic antigenic peptide. 

30 Detailed Description of the Invention 



We have identified and synthesized a major antigenic epitope of an 
approximately 260kD T. cruzi antigen expressed predominantly by trypomastigotes. 
This antigenic peptide domain of T. cruzi is conserved among geographically diverse T. 
35 cruzi isolates. Conservation of the antigen was further indicated by the presence of 
TcD-specific antibodies in sera from Chagas patientsJiaving great clinical and 
geographical diversity, produced as a result of natural infection with T. cruzi parasites 
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expressing the antigenic peptide repetitive epitope. This antigenic peptide domain of T. 
cruzi is useful for diagnosing T. cruzi infection, Chagas disease, and for use in a 
vaccine composition to protect individuals from Chagas disease or other lethal 
complications upon exposure to T. cruzi parasites. 
5 Response to the antigenic peptide domain of T. cruzi was found to have such 

extremely high prevalence in seroreactive Chagas patients that it has usefulness as a 
diagnostic agent. Particularly, the antigenic peptide domain induces antibodies in such 
patients such that infection by T. cruzi or symptoms of Chagas disease can diagnosed 
by the presence of such antibodies using an ELISA-type diagnostic assay with 
10 recombinant or synthetic antigenic peptide from T. cruzL 

The antigenic peptide domain of T. cruzi comprises the protein sequence Ala 
Glu Pro Lys Xi Ala Glu Pro Lys X2 Ala Glu Pro Lys X3, wherein X is Pro or Ser 
and when Xi is Ser, X3 is Ser, or when X] is Pro, X3 is Pro. The antigenic peptide 
comprises at least a 15 residue sequence having three groups of five amino acids as a 
15 repeat sequence. The antigenic peptide domain can have additional five residue Ala Glu 
Pro Lys X sequences to cause the antigenic peptide to be 15, 20, 25, 30, 35, 40, etc., 
amino acids in length. 

Moreover, mice immunized with the inventive antigenic peptide have been 
protected from lethal T. cruzi infection. Therefore, the inventive antigenic peptide can 
20 be used as a vaccine to prevent generalized infection from T. cruzi and enhance the host 
immune response to T. cruzi exposure. 

The present inventive antigenic peptide is the first such antigen having an 
epitope with serodiagnostic potential. A previously reported cloned T. cruzi antigen 
(Ibanez et al., MoL Biochemical Parasitology 1 25:175, 1987; Ibanez et al., Mol. 
25 Biochemical Parasitology 30:27, 1988; and Affranchino et al., MoL Biochemical 

Parasitology 34:221 , 1989) contained repetitive domains, with one domain reportedly 
present in an 85kD antigen. Although the 5-amino acid repeat sequence in the 85kD 
antigen is similar to the second half of the repeat sequence of the inventive antigenic 
peptide domain, reactivity with the 85kD antigen demonstrated only 40% positives in 
30 Chagas patient sera. The present inventive peptide, by contrast, exhibited confirmation 
rates of greater than 95%. This result is consistent with our mapping studies, which 
indicated that peptides containing only the 5-residue repeat sequence lacked an essential 
portion of a dominant B-cell epitope of TcD. 

In ELISA assay with the synthetic antigenic peptide domain according to the 
35 present invention is easy to perform, allows for standardization of reagents, permits 
screening of large numbers of samples, and can be used with either blood or serum 
samples. 
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We purified a series of T. cruzi antigens to find an antigenic peptide domain of a 
T. cruzi antigen responsible for uniform epitope binding in a vast majority of T. cruzi 
infected individuals. We made a genomic expression library in ?tZAPII with 
mechanically sheared DNA of T. cruzi. Recombinants expressing T. cruzi antigen 
5 genes were selected based upon their reactivity with a pool of Chagas patients* sera, 
preadsorbed to remove anti-£. coli reactivity. Of twelve clones identified, one clone, 
called TcD, was exceptionally reactive with the pooled patients 1 sera. Purified 
recombinant antigen of clone TcD migrated at about 59kD on SDS/PAGE. In an 
immunoblot analysis, the TcD antigen was strongly recognized by pooled Chagas 
10 patient sera but not recognized by a pool of normal sera obtained from normal 

volunteers in Seattle, Washington. Moreover, a pool of high-titer sera from patients 
with acute visceral leishmaniasis, an infection known to induce antibodies cross- 
reactive with T. cruzi, was negative for the TcD antigen. 

The sequence of the TcD antigen is shown in Figure 1 . Clone TcD encodes a 
15 10-amino acid repetitive sequence. DNA sequence analysis of clone TcD predicted an 
amino acid sequence comprised entirely of a 10-amino acid repeat sequence arrayed in 
tandem, and present in 20.5 copies with minor degeneracies in 5 positions (Figure 1). 
The predicted molecular weight of recombinant, unglycosylated TcD antigen was 
36.3kD. The migration of the TcD antigen at 59kD observed during SDS/PAGE most 
20 likely reflected a high proline content (28%). 

A 636 base pair insert of clone TcD was used to probe Southern blots of T. 
cruzi DNA and DNA from several other protozoan parasites of humans. The probe 
hybridized to multiple restriction fragments of T. cruzi DNA but not to the other 
protozoan parasites including T. bruceU Leishmania chagasi, L. amazonensis, L. 
25 donovani, and T. rangeli. Analysis of DNA from seven geographically diverse T, cruzi 
isolates indicate that TcD gene sequence was conserved among isolates showing 
restriction fragment link polymorphism and variability in gene-copy number. 

The antigenic peptide of T. cruzi comprises at least 15 amino acids having the 
sequence Ala Glu Pro Lys X Ala Glu Pro X Ala Glu Pro Lys X, wherein X is Pro or 
30 Ser. Additional 5 amino acid sequences (Ala Glu Pro Lys X) may be added to the basic 
15 residue antigenic peptide domain of T. cruzi. A further sequence may be added to 
the antigenic peptides to link this peptide at either its N-terminal or C-terminal wherein 
the linker sequence facilitates attachment or conjugation of the antigenic peptide to 
carrier molecules. An example of a linker sequence is Gly Cys Gly. The antigenic 
35 peptide is made, preferably, by synthetic means on a programmable peptide 
synthesizer. 
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ELISA assays have been conducted utilizing antigens or antibodies as the outer 
components of a sandwich. An ELISA assay of blood or sera from individuals can 
detect T. cruzi infection of Chagas disease by an antibody specific to the antigenic 
peptide domain. Therefore, one component of an ELISA sandwich comprises the 
5 antigenic peptide of the present invention. Another component comprises an agent that 
can bind to the anti-T. cruzi antibody include, for example, anti-immunoglobulin or 
protein A. Each component can form a antigenic peptide-antibody complex which 
contains a detectable moiety. The detectable moiety is known in the art of ELISA 
diagnostic assays as that component that identifies the antigenic peptide-antibody 

10 complex through visual, fluorescent, radionuclide or other means. Common examples 
of detectable moieties include fluorescent or chemiluminscent agents or enzymes such 
as horseradish peroxidase. 

In a series of studies, patient sera from T. cruzi infected individuals or Chagas 
patients was compared with sera from patients infected with other parasites or normal 

15 sera. Patient sera with ELISA values at least five standard deviations greater than mean 
adsorbance value of normal controls were considered positive. Of confirmed T. cruzi 
infected sera, greater than 95 percent (121 of 127) were positive for an anti-TcD 
antibody. Therefore, detection of an anti-TcD antibody in T. cruzi infected individuals 
is a reliable method of detecting Chagas disease or T. cruzi infection. 

20 

Example 1 

This example illustrates cloning of the TcD antigen from T. cruzi. A genomic 
library was constructed in AZAPH (Stratagene) with mechanically sheared DNA of T. 
cruzi. Construction of the library and excision of a pBFK (-) phagemid sequences 
were performed according to manufacturer's protocols. Recombinants were screened 
with a pool of Chagas patients* sera preadsorbed to remove anti-E. coli reactivity as 
described in Sambrook et al„ Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratories, Cold Spring Harbor, NY, 1989. A 59kD recombinant antigen, 
called clone TcD, was purified from a soluble lysate of induced bacterial cultures by 
ammonium sulfate fractionation, preparative isoelectric focusing with a Bio-Rad 
Rotofor DBF cell and 1% - 3/10 ampholytes in the presence of 8 M urea followed by 
SDS/PAGE and electroelution as described in Reed et al., J. Clin. Invest. 85:690, 
1990. Protein concentrations were determined using a Pierce BCA protein assay. 

Patients' sera were collected from well-characterized patients with acute or 
chronic Chagas disease or indeterminant 7*. cruzi infection from the South American 
countries Brazil (Northern and Southern), Bolivia and Argentina. Normal sera were 



25 



30 



35 
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obtained from individuals living in non-endemic T, cruzi areas (Seattle). Sera from < 
confirmed visceral or cutaneous leishmaniasis were obtained from parasitologically 
confirmed Sudanese patients. Mycobacterial infection sera were obtained from Seattle 
(tuberculosis) or Haiti for leprosy. 
5 Twelve clones were identified. One clone, called TcD, was exceptionally 

reactive with patients 1 sera. Purified recombinant antigen from clone TcD migrated at 
59kD on SDS/PAGE. An immunoblot analysis found that the TcD antigen was 
strongly recognized by Chagas patients 1 serum but not recognized by normal sera or by 
high-titer sera from patients with acute visceral leishmaniasis, an infection known to 
10 induce antibodies cross-reactive with T. cruzL 

Example 2 

This example illustrates an evaluation of synthetic antigenic peptides derived 
15 from the antigenic peptide domain of T. cruzi having amino acid length of 5, 10, 15, 
and 20 amino acids in length. The synthetic peptides were constructed with five amino 
acid repeat sequences of Ala Glu Pro Lys X, wherein X is Pro or Ser. The data • 
(Figure 2) show that a peptide containing 15 residues of the repeat sequence was 
required to map the immunodominant B-cell epitope of TcD. Moreover, the 15 amino 
20 acid synthetic peptide had reactivity of patient sera comparable to that obtained with the 
recombinant molecule. One hundred sixteen of one hundred twenty Chagas sera 
patients gave positive adsorbance values. In addition, positive TcD-specific antibody 
responses were detected in 8 of 9 acute Chagas disease patients, indicative of an early 
immune response to T. cruzi infection to this epitope. 

25 

Example 3 

This example illustrates the usefulness of the inventive antigenic peptide in a 
vaccine composition to reduce complication and mortality associated with T. cruzi 

30 infection. A group of 8 week old female C57/6 mice (Jackson Labs, Bar Harbor, ME) 
were divided into three treatment groups. Group A (5 mice) was the control group and 
received no vaccine treatment. Group B was a second control group of 4 mice that 
received only adjuvant treatment. Group C (4 mice) received the inventive vaccine 
composition comprising the antigenic peptide (TcD) (15 mer) plus an adjuvant. 

35 The treatment schedule was vaccine administration (s.c.) on day 0, wherein the 

vaccine comprised 200 jxg TcD peptide in complete Freund's adjuvant Vaccine was 
administered (i.p.) on day 24 comprising 100 p.g TcD. Vaccine was also administered 
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(s.c.) on day 50 wherein this vaccine composition comprised 200 (J.g TcD peptide in 
incomplete Freund's adjuvant plus 25 \ig muramyl dipeptide (MDP, Calbiochem) an 
additional adjuvant agent. 

At day 57, each mouse was challenged with 1,000 T. cruzi (TcTc 2 ) ip. At day 
5 75 (or 1 8 days post challenge) peak parasitemia was determined and each animal was 
observed for mortality. The data presented in Table 1 below show the protective effects 
of the TcD peptide vaccine composition to T. cruzi challenge. 



Table 1 



10 



Group 

A 



Treatment 

nothing 
adjuvant 
TcD + adjuvant 



Peak Parasitemia 

4x 10 5 ±5 x 105 
4x 105 + 5 x 105 
1 x 105±8x 104 



Mortality 



5/5 
4/4 
1/4 



B 



C 



15 
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I claim: 

5 

1 . An antigenic peptide domain of T. cruzi comprising the protein sequence Ala 
Glu Pro Lys Xi Ala Glu Pro Lys X2 Ala Glu Pro Lys X3, wherein when X is Pro or 
Ser and when Xi is Ser, X3 is Ser or when Xi is Pro, X3 is Pro, 

10 2 . The peptide of claim 1 further comprising one or a plurality of Ala Glu Pro Lys 
X peptide sequences wherein X is Pro or Ser. 

3 . The peptide of claim 1 further comprising a linker sequence at either the N- 
terminal or the C-terminal, wherein the linker sequence facilitates attachment or 

15 conjugation of the antigenic peptide to carrier molecules. 

4. An ELISA diagnostic assay to detect antibodies specific to T. cruzi infection in 
blood comprising: 

(a) contacting a sample of whole blood on an immunoglobulin-containing 

20 component of whole blood with the antigenic peptide of claim 1 conjugated to a 

solid phase; 

(b) washing unbound T. cruzi- specific antibodies from the solid phase; 

(c) adding anti-immunoglobulin or Protein A conjugated to a detectable moiety 
to form an antigenic peptide-antibody complex; and 

25 (d) detecting the antigenic peptide-antibody complex. 

5 . The diagnostic assay of claim 4 wherein the detectable moiety is a colorometric 
agent, a fluorescent agent, a chemiluminescent agent or a radionuclide. 

30 6 . A method of detecting Chagas disease or T. cruzi infection comprising assaying 
a blood sample for an antibody that binds to the antigenic peptide of claim 1. 

7 . A vaccine composition for immunizing an individual to prevent Chagas disease 
upon exposure to T. cruzU comprising an immunologically effective amount of the 
35 antigenic peptide of claim 1 and a vaccine adjuvant 
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8 . The vaccine composition of claim 7 wherein the vaccine adjuvant is a Freund's 
adjuvant. 
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